Relationships between digesta pH, body weight and nutrient utilization of broilers at different ages were investigated in the current study. Ninety 1-d old chicks were raised together for 10 d, and then were divided into 3 groups of 30 birds each for the starter, grower, and finisher phases batches. Each batch was divided to two groups comprising the 10 lightest (L) and the 10 heaviest (H) birds with the 10 median birds excluded from study. At the end of each phase, the digesta pH of the intestinal sections was measured in the birds. The ileal digesta and total excreta voided were collected for nutrient and energy utilization determination. In starter and grower phases, the H birds consumed more feed (P＜0.05) and grew faster (P＜0.05) than the L birds. The H birds had lower (P＜0.05) digesta pH compared with the L birds irrespective of the phase. The digesta pH was lower (P＜0.05) for birds during the grower than during the starter phase (except in the crop) and greater (P＜0.05) during finisher compared with grower phase (except in the crop and jejunum). The birds in H group had lower (P＜0.05) proventricular pH compared with the L group independent of the age of birds whereas the cecal pH was lower (P＜0.05) for birds in H group during the grower phase. The crop, caecal, and jejunal pH at different growth phases had positive correlation with the ileal energy digestibility and total tract nutrient and energy retention. It was concluded that individual variability in body weight and nutrient utilization in grower and finisher phases were partly explained by variability in jejunal and caecal pH and that this may be related to the type of microbes colonizing the gastrointestinal tract (GIT).
Introduction
A healthy intestine is one of the most important requirements in enhancing the productivity of broiler chickens. Favorable changes in the intestinal environment may provide a more optimal condition for the bird to more approach its optimum performance level. Reduction of the digesta pH is associated with reduction of the growth and colonization rates of intestinal pathogenic microflora (Ferket, 2004) and such a reduction in pH might stimulate growth and proliferation of beneficial species (Partanen et al., 1998) , reduce competition for nutrients between intestinal pathogens and the host (Hinton Jr et al., 2000) , stimulate intestinal absorptive cells proliferation (Visek, 1978 ; Loddi et al., 2004) , as well as enhance pancreatic secretion (Dibner and Buttin, 2002) . A more favorable intestinal environment will be expected to enhance nutrient uptake by absorptive cells in the gut (Niewold, 2007) and hence engender greater nutrient digestibility (Lewis et al., 2003) and also aid in shunting more nutrient towards growth rather than maintenance activities. All of these should result in better growth performance.
Nevertheless, there is considerable animal to animal variation both in intestinal environment, nutrient utilization, and consequently growth rate. It is generally accepted that birds with greater rates of growth utilized their nutrients more efficiently. But there is also the possibility that these birds may have an intestinal environment that is more favorable for proliferation of beneficial microflora. It has been suggested that variation in growth response of individual birds is closely related to differences in nutrient retention efficiency (Punna and Roland Sr, 1999) . It is thought that any condition that favors lower intestinal pH, which is usually associated with colonization by beneficial microbes, might also correlate with greater energy and nutrient utilization efficiency and ultimately growth. It is essential to investigate whether such a relationship exists as it will aid in understanding the relationship between intestinal environment, growth rate and nutrient utilization. Therefore, the current experiment was designed to relate the variation in digestive tract milieu, using pH as an index, in two groups of birds to their growth performance and nutrient utilization.
Materials and Methods

Birds, Housing and Diets
A total of 90 male day-old Ross 308 broiler chickens were used in this study. All the chicks were raised together from 1-d old in a floor pen equipped with feeders and bell drinkers until d 10 when the birds were grouped as detailed below. The pens and individual metabolism crates were situated in a poultry house with facilities to control temperature, light, and humidity. Temperature was gradually reduced from 32℃ on d 1 to 20℃ on d 42. The chicks were vaccinated at the hatchery against infectious bursal disease and no additional vaccinations were administered during the study neither were coccidiostat or enzymes added to the diet. All animal experiment work was approved by the Scotland's Rural College Animal Experimentation Committee.
A single starter or grower wheat-soybean meal based diets were formulated to meet the Ross 308 specifications for each of the rearing phases. The starter (24.3% CP; 3076.7 kcal ME per kg) and grower (21.6% CP; 3151.7 kcal ME per kg) diets were given from 1 to 10 and from 11 to 42 days old, respectively. Titanium dioxide (0.3%, Ti) was added to all diets as an indigestible marker. Water and feed were offered ad libitum.
Grouping of Birds and Sampling Procedures
On d 10, all the birds were individually weighed, wingtagged, and divided into 3 batches of 30 birds each with all the batches having the same average body weight (241.35± 4.70 g). One batch of 30 birds was used for the study starting on d 10, the second batch of 30 birds was used for the study starting on d 21 whereas the last batch of 30 birds was used for the study starting on d 28.
The first batch of 30 birds was further divided to two groups of 10 birds each. The grouping of the birds to two groups of 10 was done by ranking the birds according to body weight and choosing the 10 heaviest and the 10 lightest birds, the 10 birds with median weights were not used for the study. The 10 lightest birds were allocated to the light (L) group and the 10 heaviest birds were allocated to the heavy (H) group. The birds were individually housed in metabolism crates and provided with grower diet and water for ad lib consumption. On d 13 and 14, total excreta voided were collected from each individual bird for nutrient utilization evaluation. On d 15, the birds and feed were weighed and the birds were subsequently euthanized by an overdose of intravenous sodium pentobarbital injection.
The pH of the digesta from 4 different intestinal segments namely crop, mid jejunum, mid ileum, and mid right caecum was determined using a sterile glass pH electrode (Thermo Scientific, Beverly, MA, USA) inserted into the specific GIT sites. Two independent pH readings were taking from each section. The ileal content from all the birds were removed by gently flushing with distilled water.
On d 24 and 38, respectively the same procedures as were done on d 10 were carried out for the second and third batches of 30 birds. For the second batch, excreta collection was done on d 27 and 28, and the birds were euthanized on d 29. For the third batch, excreta were collected on d 41 and 42, and the birds were euthanized on d 43.
Calculations and Statistical Analyses
The Ti, dry matter (DM), nitrogen (N), and gross energy (GE) were determined in samples of diet, ileal digesta, and excreta to determine ileal digestibility and total tract nutrient retention and energy utilization. Dry matter was determined by drying the samples for 24 h at 105℃ (Uniterm, Russel Lindsey Enginering Ltd., Birmingham, UK) for 24 h. Gross energy was determined in a bomb calorimeter (Parr 1261 bomb calorimeter, Parr Instruments Co., Moline, Illinois, USA) using benzoic acid as a calibration standard. Nitrogen was determined by the combustion method (Leco Model 2000 CHN Analyzer, Leco Corp., St. Joseph, Michigan, USA) using EDTA as a standard. The analysis for DM and N were methods 934.01 and 968.06, respectively of AOAC (2006) . Titanium concentration in samples of diets and ileal digesta was determined using the method of Short et al. (1996) . Ileal digestibility and total tract retention were calculated using the index method. Ileal digestible and metabolizable energy were calculated by multiplying ileal energy digestibility and energy metabolizability with feed GE. All statistical analyses were done using the mixed model with groups as fixed effects and blocks as random effect. The strength of the relationship between the response criteria was assessed using correlation analyses. GenStat 11 th edition (2008) software was used for all statistical analysis. All statements of significance are based on a probability of ≤ 0.05.
Results and Discussion
The objective of this study was to investigate the relationship between digesta pH, body weight and nutrient utilization in broiler chickens of different body weights and at different ages. Because the birds were of the same breed and subjected to the same experimental conditions, the differences in growth rates reflected the differences in individual genetic potential, individual intestinal environment which may influence its efficiency of digestion as well as possible environmental factors not related to the experiment itself. This experiment thus provided an appropriate model for studying how differences in growth rate of individual birds exposed to the same condition relate to the individual differences in nutrient utilization and gut environment.
The birds in H group consumed more feed (P＜0.05) and grew faster (P＜0.05) than the birds in L group during the starter and grower phases (Table 1) . During the grower phase, birds in H group had greater (P＜0.05) ileal DM digestibility compared with L group, whereas during the finisher phase, the birds in H group had lower (P＜0.05) nutrient and energy utilization compared to the birds in L group. It should be noted though, that when expressed in absolute terms (i.e. total tract nutrient retention in % multiplied by nutrient intake), the birds in H group retained more nutrients Dono et al.: Individual Variability and Broiler Gut Condition 181 than those in L group. The greater digestibility values for the birds in L group were likely compensatory mechanisms to counteract their lower level of feed intake as observed by others (Zubair and Leeson, 1996) .
The pH of the birds in H and L groups at different ages are shown in Table 2 . Generally, the birds in H group had similar or lower (P＜0.05) digesta pH compared with the birds in L group irrespective of the bird age. The digesta pH was lower (P＜0.05) for birds during the grower than during the starter phase (except in the crop) and greater (P＜0.05) during finisher compared with grower phase (except for crop and jejunum where there were no differences). The birds in H group had lower (P＜0.05) proventricular pH compared with the L group and this was independent of the age of birds, whereas the cecal pH was lower (P＜0.05) in H group during the grower phase. Angel et al. (2010) observed a decreased digesta pH after 5 d of age but also a subsequent increase by d 18 or 46. In the current study, pH similarly decreased and then increased with age. Lower digesta pH inhibits proliferation of pathogens in the gut (Hinton Jr et al., 1990) . Reduced population of pathogens in the gut should create a conducive environment for bird growth by reducing both competition for nutrients (Chaveerach et al., 2004; Niewold, 2007) and incidence of sub-clinical infections (Russell, 1992) . On the other hand, colonization by gut microflora is influenced by intestinal conditions (Waldroup et al., 1995) Journal of Poultry Science, 51 (2) and hence it is possible that digesta pH may contribute to the selection of microbial population harbored in each section.
In the current study, crop, caecal, and jejunal pH in different growth phases correlated positively with ileal energy digestibility and total tract nutrient and energy retention (Table 3) . This relationship was examined to understand how bird to bird variability in growth rate and intestinal pH correlated with nutrient utilization ability. It has been shown that the microbial community in the gastrointestinal tract can directly interact with the lining of the gut (Van Leeuwen et al., 2004) and influence gastrointestinal development (Yin et al., 2009) , and ultimately nutrient utilization (Choct et al., 1996; Smits et al., 1997) . In addition, Torok et al. (2011) observed that there were distinct taxonomic groups of microbes colonizing the ileum of broilers with high or low FCR. There are no available data to compare the current results with, but the current study showed that individual differences in gut pH in birds only partly explained the variability in nutrient utilization. This therefore implies a large part of individual variability in nutrient utilization and growth can not be explained by the factor (gut pH differences) which was investigated in the current study.
It is not clear from the current study whether the differences in intestinal pH (gut environment) between the L and H birds was a result of differences in their nutrient utilization efficiency producing differences in growth rates or whether the intrinsic variability in growth rates produced differences in nutrient utilization efficiency. What is clear is that although both groups of birds were under the same experimental conditions and received the same diet, there were distinct differences in nutrient utilization efficiency and the gut environment between them.
In conclusion, differences in body weight were reflected in differences in proventricular and caecal pH, which is indicative of differences in intestinal condition between birds with heavier or lighter body weight. Therefore, individual variability in body weight and nutrient utilization in grower and finisher phases might be related to the variability in pH of jejunal and caecal contents. DMD is ileal dry matter digestibility; ND is nitrogen digestibility; ED is energy digestibility; IDE is ileal digestible energy; DMR is total tract dry matter retention; NR is nitrogen retention; EM is energy metabolizability; AME is apparent metabolizable energy; AMEn is nitrogen-corrected AME. * P＜0.05 
